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(57) The invention provides a heat-resistant alloy ca-
pable of effectively suppressing diffusion of Cr, as well
as an alloy member for afuel cell, a fuel cell stack device,
a fuel cell module and a fuel cell device. A heat-resistant
alloy according to the invention includes a Cr-containing
alloy, and a Cr-diffusion suppression layer located on at
least a part of a surface of the Cr-containing alloy, the
Cr-diffusion suppression layer being made by laminating
a first layer that contains a Zn-containing oxide and a
second layer that does not contain ZnO but contains an
(La, Sr)MnO3-based perovskite oxide in that order, so
that it is possible to effectively suppress diffusion of Cr.
By using the heat-resistant alloy for an alloy member for
a fuel cell, a fuel cell stack device, a fuel cell module and
a fuel cell device each having improved reliability can be
obtained.
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Description
Technical Field

[0001] The present invention relates to a heat-resistant alloy containing Cr, an alloy member for a fuel cell, a fuel cell
stack device, a fuel cell module, and a fuel cell.

Background Art

[0002] There have been proposed various fuel cell devices that generate power using hydrogen-containing gas and
oxygen-containing gas as a next-generation energy source.

[0003] Such fuel cell devices are generally configured such that a fuel cell stack device made by combining a plurality
of fuel cells is housed in a housing, and generate power by supplying a fuel gas (hydrogen-containing gas) to a fuel-
side electrode of each fuel cell and supplying air (oxygen-containing gas) to an air-side electrode. In addition, the plurality
of fuel cells are electrically connected to one another in series by a felt-like or plate-like current collecting member.
[0004] By the way, the above-mentioned current collecting member, a manifold configured to supply a reactant gas
such as the fuel gas to the fuel cells, and the like generally employ an alloy that is easily processed and has heat
resistance, and for example, an alloy containing 10 to 30 mass% of Cr has been used.

[0005] Here, when the current collecting member made of an alloy containing Cr is disposed between the fuel cells
and the fuel cells are electrically connected to one another in series and power is generated for a long time, Cr contained
in the current collecting member diffuses to the air-side electrode of the fuel cell and an interface between the air-side
electrode and a solid electrolyte layer, resulting in an increase in electric resistance, so that the power generation
performance of the fuel cell is degraded. This phenomenon is called Cr poisoning.

[0006] Here, in order to suppress such Cr poisoning, typically, a heat-resistant alloy made by coating the surface of
a Cr-containing alloy with an oxide film of metal such as Mn, Fe, Co, or Ni is proposed (refer to Patent Literature 1).
[0007] In addition, a current collecting member made by coating a first layer that contains Zn and a second layer that
contains a composite oxide having a perovskite structure containing La and Fe, or Mn, and an oxide of Zn in the surface
of an alloy containing Cr is proposed (refer to Patent Literature 2).

Citation List
Patent Literature
[0008]

Patent Literature 1: Japanese Unexamined Patent Publication JP-A 11-501764 (1999)
Patent Literature 2: Japanese Unexamined Patent Publication JP-A 2007-273358

Summary of Invention
Technical Problem

[0009] However, as disclosed in Patent Literature 1, in the case where the surface of the Cr-containing alloy is coated
with an oxide film of metal such as Mn, Fe, Co, or Ni, diffusion of Cr from the Cr-containing alloy (hereinafter, occasionally
referred to as Cr diffusion) is suppressed by the metal oxide film to some extent; however, there is a problem that the
amount of Cr diffused is still high.

[0010] Moreover, as disclosed in Patent Literature 2, in the case where the second layer contains the perovskite
composite oxide containing La together with Fe or Mn, and the oxide of Zn, due to a difference between the coefficients
of thermal expansion of the perovskite composite oxide containing La together with Fe or Mn, and the oxide of Zn, there
is concern that cracks may be generated in the second layer.

[0011] In addition, in the case where the fuel cells are electrically connected via the current collecting member, when
the current collecting member is configured to have the oxide film of metal such as Mn, Fe, Co, or Ni on the surface of
the Cr-containing alloy, due to a difference between the coefficients of thermal expansion of the metal oxide film on the
surface of the alloy and the fuel cell, the current collecting member and the fuel cell separate from each other, so that
there is concern that the electrical connection between the fuel cells is degraded.

[0012] Moreover, in the case where the Cr-containing alloy is used for a member such as the manifold configured to
supply the reactant gas such as the fuel gas, to the fuel cells, as the fuel cells generate power for a long time, a coating
of chromium oxide is formed on the surface of the alloy due to diffusion of Cr from the Cr-containing alloy, so that
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volatilization of Cr from the coating of the chromium oxide, so-called Cr volatilization, occurs. Accordingly, Cr poisoning
occurs in the fuel cells, and there is concern that the power generation performance of the fuel cells is degraded.
[0013] Therefore, an object of the invention is to provide a heat-resistant alloy capable of suppressing diffusion of Cr,
an alloy member for a fuel cell, a fuel cell stack device, a fuel cell module, and a fuel cell device.

Solution to Problem

[0014] A heat-resistant alloy according to the invention comprises a Cr-containing alloy; and a Cr-diffusion suppression
layer located on at least a part of a surface of the Cr-containing alloy, the Cr-diffusion suppression layer being made by
laminating a first layer that contains a Zn-containing oxide and a second layer that does not contain ZnO but contains
an (La, Sr)MnOs-based perovskite oxide in that order.

[0015] In this heat-resistant alloy, since the Cr-diffusion suppression layer made by laminating the first layer that
contains the Zn-containing oxide and the second layer that does not contain ZnO but contains the (La, Sr)MnO5-based
perovskite oxide in that order is provided, diffusion of Cr can be suppressed.

[0016] Moreover, since the second layer does not contain ZnO but contains the (La, Sr)MnO5-based perovskite oxide,
generation of cracks in the second layer due to a difference between the coefficients of thermal expansion of ZnO and
the (La, Sr)MnO4-based perovskite oxide can be suppressed, even at high temperature. Accordingly, a heat-resistant
alloy with improved long-term reliability can be provided.

[0017] Inaddition,inthe heat-resistantalloy according to the invention, itis preferable that the second layeris composed
of the (La, Sr)MnO5-based perovskite oxide.

[0018] In this heat-resistant alloy, diffusion of Cr can be further suppressed.

[0019] In addition, in the heat-resistant alloy according to the invention, it is preferable that the first layer contains
ZnMn,0,4 and MnCo,0,.

[0020] In this heat-resistant alloy, the first layer can further suppress diffusion of Cr and can improve the conductivity
of the heat-resistant alloy.

[0021] In addition, an alloy member for a fuel cell according to the invention is preferably formed of the heat-resistant
alloy mentioned above. Accordingly, an alloy member for a fuel cell with improved long-term reliability can be provided.
[0022] In addition, a current collecting member according to the invention is preferably a current collecting member
configured to electrically connect a plurality of fuel cells to one another, formed of the alloy member for a fuel cell
mentioned above, wherein the Cr-diffusion suppression layer covers the surface of the Cr-containing alloy.

[0023] Inthis current collecting member, diffusion of Cr from the Cr-containing alloy is suppressed, so that Cr poisoning
of the fuel cells can be suppressed. Accordingly, deterioration of the power generation performance of the fuel cells can
be suppressed.

[0024] Moreover, since the second layer does not contain ZnO but contains the (La, Sr)MnO5-based perovskite oxide,
generation of cracks in the second layer can be suppressed, so that separation of the current collecting member and
the fuel cells from each other due to the cracks generated in the second layer can be suppressed.

[0025] Moreover, since the second layer does not contain ZnO which has a low conductivity, a reduction in the
conductivity of the current collecting member can be suppressed.

[0026] In addition, a manifold according to the invention is preferably a manifold configured to supply a reactant gas
to a fuel cell, made of the alloy member for a fuel cell mentioned above, wherein the Cr-diffusion suppression layer is
located on the surface of the Cr-containing alloy that forms an outer surface of the manifold.

[0027] Inthis manifold, formation of a coating of chromium oxide on the outer surface of the manifold can be suppressed,
so that volatilization of Cr can be suppressed. Accordingly, Cr poisoning of the fuel cells can be suppressed, so that
deterioration of the power generation performance of the fuel cells can be suppressed.

[0028] Moreover, since the second layer does not contain ZnO but contains the (La, Sr)MnO5-based perovskite oxide,
generation of cracks in the second layer can be suppressed. Therefore, diffusion of Cr through the cracks can be
suppressed, so that diffusion of Cr can be further suppressed.

[0029] A fuel cell stack device according to the invention comprises: a plurality of fuel cells; the current collecting
member mentioned above configured to electrically connect the plurality of fuel cells in series; and the manifold mentioned
above configured to fix lower ends of the fuel cells and supply a reactant gas to the fuel cells, so that diffusion of Cr can
be suppressed, and Cr poisoning of the fuel cells can be suppressed. Accordingly, a fuel cell stack device with excellent
long-term reliability can be provided.

[0030] A fuel cell module according to the invention comprises a housing and the fuel cell stack device mentioned
above housed in the housing, so that a fuel cell device with excellent long-term reliability can be provided.

[0031] A fuel cell device according to the invention comprises an exterior case, the fuel cell module mentioned above,
and an auxiliary device configured to operate the fuel cell module, the fuel cell module and the auxiliary device being
housed inside the exterior case, so that a fuel cell device with excellent long-term reliability can be provided.
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Advantageous Effects of Invention

[0032] Since the heat-resistant alloy according to the invention comprises the Cr-containing alloy and the Cr-diffusion
suppression layer located on at least a part of the surface of the Cr-containing alloy, the Cr-diffusion suppression layer
being made by laminating the first layer that contains the Zn-containing oxide and the second layer that does not contain
ZnO but contains the (La, Sr)MnO-based perovskite oxide in that order, diffusion of Cr from the Cr-containing alloy can
be suppressed. Furthermore, since the second layer does not contain ZnO, generation of cracks in the second layer
can be suppressed, so that a heat-resistant alloy with improved long-term reliability can be provided.

[0033] In addition, the alloy member for a fuel cell, the current collecting member, and the manifold are formed of this
heat-resistant alloy, furthermore, the current collecting member comprises the Cr-diffusion suppression layer to cover
the surface of the Cr-containing alloy, and the manifold comprises the Cr-diffusion suppression layer on the surface of
the Cr-containing alloy that forms the outer surface of the manifold, so that when those are used for a fuel cell stack
device, a fuel cell stack device with excellent long-term reliability can be provided.

[0034] Moreover, since the fuel cell stack device is housed in the housing, the fuel cell module with improved long-
term reliability can be provided, and moreover, since the fuel cell module and the auxiliary device configured to operate
the fuel cellmodule is housed inside the exterior case, afuel cell device with improved long-term reliability can be provided.

Brief Description of Drawings
[0035]

Fig. 1 is a perspective view showing an example of a current collecting member according to the invention;

Fig. 2(A) is an enlarged cross-sectional view taken along the line A-A of the current collecting member shown in
Fig. 1, and Fig. 2(B) is an enlarged cross-sectional view extracting and showing a part of the cross-section taken
along the line B-B of the current collecting member shown in Fig. 1;

Fig. 3 shows an example of the fuel cell stack device of the invention, Fig. 3(A) is a side view schematically showing
the fuel cell stack device, and Fig. 3(B) is an enlarged plan view of a part of the section of the fuel cell stack device
surrounded by the dotted frame;

Fig. 4 is a longitudinal cross-sectional view extracting and showing a part of the fuel cell stack device according to
the invention;

Fig. 5 is an external perspective view showing an example of a fuel cell module according to the invention;

Fig. 6 is an exploded perspective showing an example of a fuel cell device according to the invention; and

Fig. 7(A) is an EPMA photograph of a current collecting member comprising a Cr-diffusion suppression layer made
by laminating a first layer that contains a Zn-containing oxide and a second layer that does not contain ZnO but
contains an (La, Sr)MnO3-based perovskite oxide in that order on the surface of a Cr-containing alloy and comprising
a conductive adhesive material on the surface of the second layer, and Fig. 7(B) is an EPMA photograph of a current
collecting member made by laminating a first layer that contains a Zn-containing oxide and a second layer that does
not contain ZnO but contains an (La, Sr) (Co, Fe)Os-based perovskite oxide in that order and providing a conductive
adhesive material on the surface thereof.

Description of Embodiments

[0036] Hereinafter, a heat-resistant alloy according to the invention will be described using an alloy member for a fuel
cell.

[0037] Fig. 1is a perspective view showing an example of a current collecting member 20 according to the invention,
which is formed of an alloy member for a fuel cell made of the heat-resistant alloy according to the invention. Fig. 2(A)
is an enlarged cross-sectional view taken along the line A-A of the current collecting member shown in Fig. 1, and Fig.
2(B) is an enlarged cross-sectional view extracting and showing a part of the cross-section taken along the line B-B of
the current collecting member shown in Fig. 1. In addition, like elements are denoted by like reference numerals, the
rest is the same as above.

[0038] The current collecting member 20 disposed between the fuel cells (not shown in Figs. 1 and 2) in order to
electrically connect a plurality of adjacent fuel cells to one another includes, as shown in Fig. 1, one contact portion 21a
that abuts on the adjacent fuel cell on one side, the other contact portion 21b that abuts on the adjacent fuel cell on the
other side, and connection portions 22 that bonds both ends of the contact portions 21a and 21b that form a pair to each
other, as a current collecting piece of a basic configuration. More specifically, a plurality of band-like contact portions
21a and 21b that are bridged between the connection portions 22 disposed on the left and right are alternately bent with
respect to the connection portions 22 to make the current collecting piece (not shown), and a plurality of the current
collecting pieces are continuously formed along the longitudinal direction of the fuel cells via conductive connection
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pieces 23, thereby forming the continuous current collecting member 20.

[0039] Moreover, as the fuel cell, although various fuel cells are known, in order to provide a fuel cell having a high
power generation efficiency, a solid oxide fuel cell may be employed. Accordingly, the size of a fuel cell device can be
reduced with respect to a unit power, and a load following operation that follows varying loads required for a household
fuel cell can be performed.

[0040] Here, the solid oxide fuel cell module is configured by housing a fuel cell stack device made by combining a
plurality of solid oxide fuel cells in a housing, and by supplying a fuel gas (hydrogen-containing gas) to a fuel-side
electrode of each cell of the solid oxide fuel cell and supplying air (oxygen-containing gas) to an air-side electrode,
generates power at high temperature of 600 to 900°C. Therefore, each member such as a current collecting member
and a manifold configured to supply a reactant gas such as a fuel gas to the fuel cells requires heat resistance, and in
consideration of the cost, an alloy containing Cr has been preferably used.

[0041] Here, according to the invention, the current collecting member 20 has a configuration comprising a Cr-diffusion
suppression layer (204 shown in Fig. 2) made by laminating afirst layer (202 shown in Fig. 2) that contains a Zn-containing
oxide and a second layer (203 shown in Fig. 2) that does not contain ZnO but contains an (La, Sr)MnO5-based perovskite
oxide in that order to cover the surface of a current collecting base material 201 made of an alloy containing Cr.
[0042] Hereinafter, layers of the alloy member for the fuel cell included in the current collecting member 20 will be
described in order.

[0043] The current collecting base material 201 needs to have conductive properties and heat resistance, and thus
preferably uses an alloy containing 10 to 30 parts by mass of Cr based on 100 parts by mass of the alloy, for example,
an Fe-Cr-based alloy, a Ni-Cr-based alloy, or the like.

[0044] Here, it is thought that Cr-diffusion in the alloy includes two types of diffusion of a case where Cr vaporizes
and diffuses outside as a gas (hereinafter, occasionally referred to as vapor-phase diffusion) and of a case where Cr
diffuses outside as a solid (hereinafter, occasionally referred to as solid-phase diffusion). Therefore, in order to suppress
the vapor-phase diffusion, it is preferable that the first layer 202 is provided over the entire surface of the current collecting
base material 201. Moreover, in order to suppress solid-phase diffusion, it is preferable that the first layer 202 has a
relative density of 93% or higher, and particularly, 95% or higher.

[0045] As the oxide constituting the first layer 202 provided on the current collecting base material 201, for example,
a Zn-containing oxide can be used, and in addition to an oxide of Zn such as ZnO, oxides containing metals such as
Mn, Fe, Co, and Ni besides Zn can be suitably selected and used in combination. Particularly, using a Zn-containing
metal oxide having at least one of a spinel structure, a corundum structure, a wurtzite structure, and a rock salt structure
or a structure similar to those, the first layer 202 which is dense can be provided. In addition, the first layer 202 may be
formed by dipping (a dip-coating method of dipping the current collecting base material 201 into a paste for the first
layer), plating, sputter deposition, or spray coating.

[0046] Specifically, a Zn-containing oxide such as ZnO or ZnMn,O, can be used. Though exact reasons are not
known, ZnO or ZnMn,O, can effectively suppress diffusion of Cr.

[0047] However, on the other hand, since ZnO or ZnMn,O, has low conductivity, in a case where the first layer 202
only made of ZnO or ZnMn,QO, is provided on the surface of the current collecting base material 201, there may be a
case where electric resistance of the current collecting member 20 is increased. Therefore, in order to increase the
conductivity of the first layer 202, for example, MnCo,0, which is an oxide containing Co may be contained. In this case,
diffusion of Cr can be suppressed, and the conductivity of the current collecting member 20 can be increased.

[0048] In addition, it is preferable that the thickness of the first layer 202 falls within a range of 0.2 pm to 10 pm.
Particularly, in the case where the first layer 202 is formed of only the Zn-containing oxide such as ZnO or ZnMn,QOy,, in
terms of the low conductivity of the first layer 202 and the suppression of diffusion of Cr, it is preferable that the thickness
of first layer 202 falls within a range of 0.5 wm to 2 um. In addition, in a case where the first layer 202 contains ZnMn,0O,
and MnCo,0,, in terms of the suppression of diffusion of Cr as well as conductive properties, it is preferable that the
thickness thereof falls within a range of 1 pm to 5 wm.

[0049] Here, in the case where the first layer 202 that contains ZnMn,O, and MnCo,0, is formed, it may be produced
by mixing ZnO, Mn,03 and Co;0, which are raw materials. It is preferable that 47 mol% to 63 mol% of Mn,03, 4 mol%
to 20 mol% of Co30,, and the balance composed of ZnO are added to constitute 100 mol%. Particularly preferably, it
is preferable that 50 mol% to 57 mol% of Mn,0O5, 10 mol% to 17 mol% of Co30,, and the balance composed of ZnO
are added to constitute 100 mol%. Accordingly, the reduction in the conductivity can be suppressed, and diffusion of Cr
can be suppressed.

[0050] In addition, the first layer 202 containing ZnMn,O, and MnCo,0, may be produced by mixing ZnMn,O, and
MnCo,0, which are raw materials. In this case, it is preferable that 70 mol% to 95 mol% of ZnMn, 0, is added. Particularly
preferably, it is preferable that 75 mol% to 85 mol% of ZnMn,0O, is added.

[0051] Inaddition, the firstlayer 202 may be formed by dipping (the dip-coating method of dipping the current collecting
base material 201 into the paste for the first layer), plating, sputter deposition, or spray coating. In terms of cost, it is
preferable that the first layer 202 is formed by dipping. In addition, for uniform formation on the surface of the current
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collecting base material 201, it is also preferable that the first layer 202 is formed by sputter deposition.

[0052] In addition, containing ZnO, ZnMn,0O,, and MnCo,0y in the first layer 202 can be confirmed by X-ray diffrac-
tometry (XRD). Regarding containing ZnMn,0O, and MnCo,0,, compared to JCPDS for ZnMn,0, and MnCo,0,4, when
peaks of ZnMn,O, and MnCo,0, can be seen in the measured X-ray diffraction diagram, it is confirmed that ZnMn,O,
and MnCo,0, are contained.

[0053] The second layer 203 is laminated to cover the surface of the first layer 202, and does not contain ZnO but
contains the (La, Sr)MnO5-based perovskite oxide. As the (La, Sr)MnOs-based perovskite oxide (hereinafter, occasionally
referred to as LSM), specifically, Lag gSrg ,MnO3, Lag gSrg 4MnO,, or the like may be exempilified.

[0054] Here, the second layer 203 may be produced by mixing LSM with (La, Sr)(Co, Fe)O5 (occasionally referred to
as LSCF). In this case, it is preferable that 1 mass% or higher of LSM is contained in the second layer 203 in terms of
mass ratio. Particularly preferably, it is preferable that 30 mass% or higher of LSM is contained in the second layer 203
in terms of mass ratio. Accordingly, diffusion of Cr can be further suppressed.

[0055] In addition, LSM contained in the second layer 203 may be produced by mixing LSCF with Mn,O3. In this case,
LSCF and Mn,0O4 are chemically bonded to form LSM, so that diffusion of Cr can be suppressed as described above.
[0056] Here, in a case where ZnO, which has a small coefficient of thermal expansion, is contained in the second
layer 203, there is concern that cracks may be generated in the second layer 203 due to a difference between the
coefficients of thermal expansion. Moreover, in a case where ZnO having a high electric resistance is contained in the
second layer 203, there is concern that the conductivity of the second layer 203 is reduced.

[0057] The Cr-diffusion suppression layer 204 of the alloy member for the fuel cell according to the invention does not
contain ZnO in the second layer 203, so that generation of cracks in the second layer 203 and degradation of the
conductive properties of the second layer 203 can be suppressed, thereby providing an alloy member for the fuel cell
with improved long-term reliability and power generation efficiency.

[0058] Inaddition, LSM contained in the second layer 203 can be confirmed using, for example, a transmission electron
microscope (TEM), and the amount of LSM per predetermined area is obtained using the transmission electron micro-
scope, thereby measuring the amount of LSM contained in the second layer 203.

[0059] In addition, containing no ZnO in the second layer 203 can be confirmed by X-ray diffractometry (XRD). Com-
pared to JCPDS for ZnO, in a case where a peak of ZnO cannot be seen in the measured X-ray diffraction diagram, it
is confirmed ZnO is not contained.

[0060] The second layer 203 is formed using a method such as, plating, sputter deposition, or spray coating, in addition
to dipping, and it is preferable that the second layer 203 is formed by dipping in terms of cost.

[0061] In addition, in a case where the first layer is provided by sputter deposition and the second layer is provided
by dipping, after the first layer is formed by sputter deposition, the second layer is formed by dipping, and the resultant
is dried at 100 to 150°C. After a conductive adhesive material described later is applied to the resultant, baking is
performed thereon at 950 to 1050°C, thereby producing a fuel cell stack described later.

[0062] In addition, in a case where the first and second layers are provided by dipping, after the first layer is subjected
to dipping, baking is performed thereon at 950 to 1050°C, and after the second layer is formed by dipping the second
layer, baking is performed thereon at the same temperature. Thereafter, a conductive adhesive material is applied
thereto, and baking is performed at the same temperature, thereby manufacturing a fuel cell stack described later.
[0063] In addition, it is preferable that the thickness of the second layer 203 falls within a range of 5 to 50 um, and
particularly, it is more preferable that the thickness thereof falls within a range of 10 to 30 pm. As the thickness is equal
to or greater than 5 pm, diffusion of Cr can be suppressed, and during the formation of the second layer 203, generation
of voids due to infusion of air or the like can be suppressed. In addition, as the thickness is equal to or smaller than 50
wm, generation of internal stress due to a difference in the coefficient of thermal expansion with respect to the current
collecting base material 201 can be suppressed.

[0064] Here, by laminating the first layer 202 which is the layer of the Zn-containing oxide and the second layer 203
that does not contain ZnO but contains the (La, Sr)MnO3-based perovskite oxide in that order on the surface of the Cr-
containing alloy (the current collecting base material 201), diffusion of Cr can be suppressed, though exact reasons are
not known. Accordingly, generation of a coating of chromium oxide on the surface of the current collecting member 20
is suppressed, so that an increase in electrical contact resistance can be suppressed, and a reduction in the amount of
Cr contained in the current collecting base material 201 can be suppressed, thereby suppressing degradation of the
heat resistance of the current collecting member 20. In addition, the second layer 203 may also be made only of LSM.
Accordingly, diffusion of Cr can be further suppressed.

[0065] In the case where the current collecting member 20 made of the alloy member for the fuel cell is used as the
current collecting member 20, it is preferable that the Cr-diffusion suppression layer 204 made by laminating the second
layer 203 on the first layer 202 is provided on the entire surface of the current collecting base material 201. In addition,
the surface of the current collecting base material 201 indicates a surface exposed to the air. This also applies to the
surface of the Cr-containing alloy.

[0066] Here, the current collecting member 20 is not limited to the shape as shown in Figs. 1 and 2. As another
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example, for example, as well as a cylindrical shape and a mesh shape, the current collecting member 20 may be formed
by processing a plate-like member into a comb shape and alternately bending adjacent teeth to the opposite sides.
[0067] Fig. 3 shows an example of the fuel cell stack device according to the invention, Fig. 3(A) is a side view
schematically showing the fuel cell stack device, and Fig. 3(B) is an enlarged plan view of a part of the section surrounded
by the dotted frame of the fuel cell stack device. In addition, in Fig. 3(B), in order to clarify a section corresponding to
the section surrounded by the dotted frame shown in Fig. 3(A), the section is indicated by the arrow. In addition, Fig. 4
is a longitudinal cross-sectional view extracting and showing a part of the fuel cell stack device shown in Fig. 3.

[0068] Here, the fuel cell stack device 30 is formed by: erecting a plurality of fuel cells 1, each of which has a columnar
shape (a hollow flat plate shape) made by laminating a fuel-side electrode layer 2 as an inside electrode layer, a solid
electrolyte layer 3, and an air-side electrode layer 4 as an outside electrode layer in that order on one flat surface of a
column-shaped conductive support member 10 having a pair of parallel flat surfaces (hereinafter, occasionally abbre-
viated to the support member 10); electrically connecting the adjacent cells fuel 1 in series via the current collecting
member 20 to form a fuel cell stack 31; and fixing a lower end of each fuel cell 1 to a manifold 34 configured to supply
a reactant gas (fuel gas) to the fuel cells 1. In addition, the fuel cell stack device 30 includes elastically deformable
conductive members 32 of which the lower ends are fixed to the manifold 34 so as to interpose the fuel cell stack 31
with end-side current collecting members 24 from both ends of the fuel cells 1 in the arrangement direction thereof. In
addition, in the following description, unless otherwise noted, the inside electrode layer is described as the fuel-side
electrode layer 2, and the outside electrode layer is described as the air-side electrode layer 3. In addition, the end-side
current collecting member 24 may have the same configuration as that of the current collecting member 20 or may also
have a different configuration from that of the current collecting member 20. It is preferable that even in the end-side
current collecting member 24, the above-described Cr-diffusion suppression layer 204 is provided.

[0069] Moreover,inthe conductive member 32 showninFig. 3, there is provided a current drawing section 33 configured
to draw out current that is generated by power generation of the fuel cell stack 31 (the fuel cells 1) in a shape extending
outward along the arrangement direction of the fuel cells 1. Since the conductive member 32 may be made of an alloy
containing Cr like the current collecting member 20, it is preferable that the above-mentioned Cr-diffusion suppression
layer 204 is also provided in the conductive member 32. Accordingly, diffusion of Cr can be suppressed.

[0070] Moreover, an interconnector 5 is provided on the other flat surface of the fuel cell 1, and inside the support
member 10, a plurality of gas flow channels 16 configured to cause the reactant gas (the fuel gas) to flow to the fuel cell
1 is provided along the longitudinal direction of the fuel cell 1 to penetrate from the lower end to the upper end of the
fuel cell 1.

[0071] In addition, by bonding the fuel cell 1 to the current collecting member 20 with a conductive adhesive material
25, contact between the two becomes an ohmic contact, and thus a potential drop is reduced, so that it becomes possible
to effectively avoid degradation of current collecting performance.

[0072] In addition, the fuel cell 1 may also be configured by causing the support member 10 to serve as the fuel-side
electrode layer 2 and sequentially laminating the solid electrolyte layer 3 and the air-side electrode layer 4 on one surface
thereof.

[0073] Hereinafter, members constituting the fuel cell stack device 30 shown in Fig. 4 will be described.

[0074] The fuel-side electrode layer 2 may use a well-known material, and may be formed of porous conductive
ceramics, for example, ZrO, solid solution containing a rare earth element such as Y or Yb (referred to as stabilized
zirconia, and including partially-stabilized zirconia), and at least one of Ni and NiO.

[0075] The solid electrolyte layer 3 needs to have a function as an electrolyte which serves as a bridge of electrons
between the electrodes and have gas blocking properties to suppress (prevent) leakage of the fuel gas and the oxygen-
containing gas and is thus formed of ZrO, solid solution containing 3 to 15 mol% of a rare earth element such as Y or
Yb. In addition, the solid electrolyte layer 3 may be formed using other materials as long as they have the above properties.
[0076] The air-side electrode layer 4 is not particularly limited as long as its material is generally used, and may be
formed of, for example, conductive ceramics formed of an ABO; type perovskite oxide. Particularly, the air-side electrode
layer 4 is formed of an LaFeO4 or LaMnOg3-based oxide (for example, La(Fe, Mn)O; or (La, Sr) (Co, Fe)O3) (conductive
ceramics). In addition, the air-side electrode layer 4 needs gas permeability, and it is preferable that its open porosity is
equal to or higher than 20%, and particularly, in a range of 30 to 50%.

[0077] The interconnector 5 may be formed of conductive ceramics, and since the interconnector 5 comes into contact
with the fuel gas (the hydrogen-containing gas) and the oxygen-containing gas (air and the like), a material having
reduction resistance and oxidation resistance is needed, so that a lanthanum chromite perovskite oxide (LaCrO5-based
oxide) is suitably used. The interconnector 5 has to be dense so as to suppress (prevent) leakage of the fuel gas flowing
through the gas flow channel 16 provided in the support member 10 and the oxygen-containing gas flowing outside the
fuel cell 1, and therefore it is preferable that the interconnector 5 has a relative density of 93% or higher, and particularly,
95% or higher.

[0078] The conductive adhesive material 25 is made of a perovskite oxide containing La, and an LaFeO5 or
LaMnOs-based oxide which is the same material as that of the air-side electrode layer 4 or the like is preferable.
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Particularly, it is preferable that the conductive adhesive material 25 is formed of an oxide such as La(Fe, Mn)O or (La,
Sr)(Co, Fe)O5 (conductive ceramics). Accordingly, the coefficient of thermal expansion of the conductive adhesive
material 25 can be close to that of the air-side electrode layer 4, so that thermal stress is relieved, thereby suppressing
separation of the current collecting member 20 and the air-side electrode layer 4 from each other.

[0079] For the support member 10, a material that has gas permeability to cause the fuel gas to permeate through
the fuel-side electrode layer 2 and furthermore has conductive properties to collect current via the interconnector 5 are
required. Therefore, for the support member 10, a material that satisfies such a requirement need to be employed, and
for example, conductive ceramics, cermet, or the like may be used.

[0080] In addition, in the fuel cell 1 shown in Fig. 3, the column-shaped support member 10 has an elliptical column
shape extending elongatedly in the erection direction of the fuel cells 1 and has a hollow flat plate shape comprising the
pair of flat surfaces which are parallel to each other and both side surfaces having semicircular shapes. In addition, the
lower end of the fuel cell 1 and the lower end of the conductive member 32 are fixed to the manifold 34 by, for example,
a bonding material (a glass seal material or the like) having excellent heat resistance, such that the gas flow channels
16 provided in the support member 10 are communicated with a fuel gas chamber (not shown). In addition, in the following
description, the fuel cell 1 having the hollow flat plate shape is used for the description.

[0081] In addition, when the fuel cell 1 is produced, in a case where the support member 10 is produced by co-firing
the fuel-side electrode layer 2 and the solid electrolyte layer 3, it is preferable that the support member 10 is formed of
an iron-group metal component such as Ni and a specified rare-earth oxide such as Y,03. In addition, it is preferable
that the open porosity of the support member 10 is 30% or higher, and particularly, in a range of 35 to 50% to have gas
permeability, and that the conductivity thereof is 50 S/cm or higher, preferably, 300 S/cm or higher, and particularly
preferably, 440 S/cm or higher.

[0082] In this fuel cell 1, a part of the fuel-side electrode layer 2 which faces the air-side electrode layer 4 functions
as a fuel-side electrode. That is, the oxygen-containing gas (air and the like) is caused to flow outside the air-side
electrode layer 4, and the fuel gas (the hydrogen-containing gas) is caused to flow through the gas flow channel 16
inside the support member 10, and heating is performed to a predetermined operation temperature, such that an electrode
reaction as the following formula (1) occurs at the air-side electrode layer 4 and an electrode reaction such as the
following formula (2) occurs at the part of the fuel-side electrode layer 2 which serves as the fuel-side electrode, thereby
generating power.

(1) Air-side electrode: 1/20, + 2e~ — 0%
(2) Fuel-side electrode: 02 + H, — H,0 + 2¢

[0083] In addition, the manifold 34 is made of an alloy containing Cr to be easily processed and to reduce the influence
on heat resistance, the fuel cell 1, and the seal material, and comprises the Cr-diffusion suppression layer 204 made
by laminating, on the outer surface of the alloy, the first layer 202 which is the Zn-containing oxide and the second layer
203 that does not contain ZnO but contains the (La, Sr)MnO-based perovskite oxide in that order.

[0084] Accordingly, diffusion of Cr can be suppressed. In addition, since the second layer 203 does not contain Zn,
generation of cracks in the second layer 203 can be suppressed, thereby providing a manifold 34 with the improved
long-term reliability.

[0085] Here, the housing that houses the fuel cell stack device 30 therein is in an oxidizing atmosphere as the oxygen-
containing gas (air or the like) is supplied. In the oxidizing atmosphere, Cr contained in the alloy is oxidized, and in a
case where the fuel cell device is operated at high temperature, there is concern that a coating of chromium oxide may
be formed on the outer surface of the manifold 34. Particularly, the outer surface (particularly the upper portion) of the
manifold 34 positioned near the fuel cell 1 is exposed to the high-temperature oxidizing atmosphere, so that the coating
of chromium oxide is more likely to be formed. When the coating of chromium oxide is formed, there is concern that
volatilization of Cr vapor (so-called Cr volatilization) may occur.

[0086] Here, when Cr is volatilized in the fuel cell 1, the volatilized Cr reaches the air-side electrode 4 or an interface
between the air-side electrode 4 and the solid electrolyte layer 3, resulting in an increase in electric resistance, so that
there is concern that the power generation performance of the fuel cell 1 may be deteriorated. In addition, when the
coating of chromium oxide is formed on the surface, there is concern that Cr may be discharged outside the fuel cell
device described later, which is not preferable in terms of the environment.

[0087] Here, since the manifold 34 is formed of the alloy member for the fuel cell comprising the Cr-diffusion suppression
layer 204 formed by laminating the first layer 202 and the second layer 203 in that order on the outer surface of the alloy
containing Cr, diffusion of Cr can be suppressed, so that formation of the coating of chromium oxide on the outer surface
of the manifold 34 can be suppressed. Here, it is preferable that the Cr-diffusion suppression layer 204 is provided on
the outer surface of the alloy containing Cr, and particularly, the upper portion thereof, and furthermore, it is more
preferable that the Cr-diffusion suppression layer 204 is provided on the entire outer surface of the alloy containing Cr.
[0088] Inaddition, in the above-described example, the fuel gas is caused to flow inside the manifold 34 as the reactant
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gas and the oxygen-containing gas is caused to flow outside the fuel cell 1. However, the fuel cell 1 may have a
configuration in which the air-side electrode layer 4, the solid electrolyte layer 3, and the fuel-side electrode layer 2 are
sequentially laminated on the one flat surface of the support member 10, and the oxygen-containing gas is caused to
flow inside the manifold 34 and the fuel gas is caused to flow outside the fuel cell 1. In this case, the surface of the
manifold 34 exposed to the oxidizing atmosphere is the inner surface of the manifold 34, so that it is preferable that the
first layer 202 and the second layer 203 are coated on the inner surface of the manifold 34 in that order.

[0089] In addition, the outer surface of the manifold 34 indicates the surface of the manifold 34 facing outside, and
the inner surface of the same manifold 34 indicates the surface facing inside.

[0090] In addition, the solid oxide fuel cell which is a kind of fuel cell generates power under a high-temperature
condition of approximately 600 to 900°C, and therefore the inside of the housing also becomes a very high temperature.
Therefore, for example, in a case where a housing body, a reformer housed inside the housing, and the like are produced
of alloys containing Cr in consideration of heat resistance, each member may be produced using the alloy member for
the fuel cell according to the invention. Accordingly, Cr poisoning of the solid oxide fuel cell can be suppressed. Moreover,
in a case where a member that needs conductive properties is formed of the heat-resistant alloy member for the fuel
cell according to the invention, a predetermined conductivity can be ensured by increasing the amount of MnCo,0,
contained in the first layer 202.

[0091] Here, the case where the inner surface side of the manifold 34 that has the configuration in which the fuel gas
is caused to flow through the gas flow channel 16 of the fuel cell 1 is made by coating the surface of the alloy containing
Cr with the first layer 202 and the second layer 203 in that order, that is, a case where the inner surface side of the
manifold 34 is in a reduction atmosphere will be described. In this case, though exact reasons are not known, it is thought
that a metal oxide containing Zn in the first layer 202 is broken down in the reduction atmosphere and thus becomes a
metal compound containing Zn. The metal compound containing Zn is moved to the front end of the fuel cell 1 from the
inside of the manifold 34 through the gas flow channel 16, and is oxidized by the oxygen-containing gas near the front
end of the fuel cell 1. Accordingly, a metal oxide containing Zn precipitates near the outlet of the gas flow channel 16,
so that there is concern that the gas flow channel 16 may be clogged near the front end of the fuel cell 1. Therefore, it
is preferable that the surface exposed to the reduction atmosphere does not comprise the Cr-diffusion suppression layer
204. In addition, in this case, since Cr is not oxidized in the reduction atmosphere, a coating of chromic oxide is not
formed on the surface of the Cr-containing alloy, and therefore there is no concern of volatilization of Cr vapor.

[0092] Fig. 5is an external perspective view showing an example of a fuel cell module 40 according to the invention.
[0093] InFig.5, the fuel cell module 40 has a configuration in which, in a housing 41 having a rectangular parallelepiped
shape, a fuel cell stack 44 is configured by arranging fuel cells 42 having gas flow channels (not shown) through which
a fuel gas flows to be erected, and electrically connecting the adjacent fuel cells 42 in series via a current collecting
member (not shown), and a fuel cell stack device 47 made by fixing the lower ends of the fuel cells 42 to a manifold 43
by an insulating bonding material (not shown) such as a glass seal material is housed.

[0094] Inaddition, in Fig. 5, in order to obtain the fuel gas used in the fuel cells 42, a reformer 45 configured to generate
the fuel gas by reforming a raw fuel such as natural gas or kerosene is disposed above the fuel cell stack 44. In addition,
the fuel gas generated by the reformer 45 is supplied to the manifold 43 via a gas communication tube 46, and is supplied
to the gas flow channel 16 provided in the fuel cell 42 via the manifold 43.

[0095] In addition, in Fig. 5, a state in which parts (front and rear faces) of the housing 41 are removed and the fuel
cell stack device 47 and the reformer 45 housed therein are taken out rearward is shown. Here, in the fuel cell module
40 shown in Fig. 5, it is possible to house the fuel cell stack device 47 in the housing 41 by sliding movement. In addition,
the fuel cell stack device 47 may include the reformer 45.

[0096] In addition, an oxygen-containing gas introduction member 48 provided in the housing 41 is disposed between
the fuel cell stacks 44 disposed in parallel on the manifold 43 in Fig. 5, and supplies an oxygen-containing gas to the
lower ends of the fuel cells 42 so as to cause the oxygen-containing gas (air) to flow from the lower end to the upper
end of a side of the fuel cell 42 in accordance with the flow of the fuel gas. In addition, as the fuel gas discharged from
the gas flow channel 16 of the fuel cell 42 and the oxygen-containing gas are burned at the upper end side of the fuel
cell 42, the temperature of the fuel cell 42 can be increased, thereby advancing starting of the fuel cell stack device 47.
In addition, as the fuel gas discharged from the gas flow channel 16 of the fuel cell 42 is burned at the upper end side
of the fuel cell 42 in the longitudinal direction, the reformer 45 disposed above the fuel cells 42 (the fuel cell stack 44)
can be warmed up. Accordingly, the reformer 45 can effectively perform a reforming reaction.

[0097] Fig. 6 is an exploded perspective showing an example of a fuel cell device 50 according to the invention. In
addition, some components are omitted in Fig. 6.

[0098] The fuel cell device 50 shown in Fig. 6 includes an exterior case composed of a support column 56 and a
covering plate 57, the external case being partitioned into upper and lower sides by a partition plate 58, the upper side
being set as a module housing chamber 54 that houses the above-described fuel cell module 40, and the lower side
being set as an auxiliary device housing chamber 53 that houses auxiliary devices configured to operate the fuel cell
module 40. In addition, the auxiliary devices housed inside the auxiliary device housing chamber 53 are omitted.
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[0099] In addition, the partition plate 58 comprises an air communication port 51 through which air of the auxiliary
device housing chamber 53 flows to the module housing chamber 54, and a part of the exterior plate 57 constituting the
module housing chamber 54 comprises an exhaust port 52 through which air in the module housing chamber 54 is
exhausted.

[0100] In this fuel cell device 50, as described above, the fuel cell module 40 that can enhance long-term reliability is
configured to be housed in the module housing chamber 54, so that a fuel cell device with excellent long-term reliability
can be provided.

[0101] While the invention has been described in detail, the invention is not limited to the above-described embodi-
ments, and various modifications and improvements can be made without departing from the spirit and scope of the
invention.

[0102] For example, the heat-resistant alloy according to the invention is not limited to the solid oxide fuel cell, and
may be used for members such as the housing used under a high-temperature condition. For example, as another fuel
cell, a molten carbonate fuel cell that generates power at 600 to 700°C can be effectively applied.

Examples

[0103] The following experiments were performed for the purpose of examining the effects on the conductivity of the
heat-resistant alloy and diffusion of Cr.

[0104] First, the first layer was produced using each sample shown in Table 1 as follows.

[0105] The first layer was produced by mixing ZnO powder, Mn,O5 powder, and Co;0, powder appropriately so that
Zn0, ZnMn,0,, and MnCo,0, which were contained in the first layer had amounts shown in Table 1. In order to produce
Sample Nos. 2 to 4, 15, and 16 containing ZnO in the first layers, amounts of ZnO powder, Mn,O5 powder, and Co30,4
powder were appropriately mixed.

[0106] In addition, in a case where Sample Nos. 6 to 9 were produced, ZnO powder, Mn,O5; powder, and Co30,4
powder were appropriately mixed so that ZnMn,0, and MnCo,0, had amounts shown in Table 1. For example, in a
case where the first layer of the Sample No. 6 containing 5% of MnCo,0, in terms of mol% was produced, a dipping
solution for the first layer was prepared by mixing powder in which ZnO powder, Mn,O5 powder, and Co;0, powder
were mixed at a ratio of 33 mass%, 63 mass%, and 4 mass%, respectively, in terms of mass ratio, an aqueous binder,
and ion-exchange water as a diluent.

[0107] In addition, in a case where Sample Nos. 10 to 14, 17, 18, 20, and 21 were produced, respective dipping
solutions for the first layer were prepared by blending powder in which ZnMn,O, powder and MnCo,0, powder were
mixed so that ZnMn,0O, and MnCo,0,4 had amounts shown in Table 1, an aqueous binder, and ion-exchange water as
a diluent.

[0108] In addition, in a case where Sample Nos. 1, 5, and 19 were produced, respective dipping solutions for the first
layer were prepared by blending ZnO powder, ZnMn,0O, powder, MnCo,0, powder, an aqueous binder, and ion-ex-
change water as a diluent.

[0109] In addition, ZnO powder, Mn,O3 powder, Co30, powder, ZnMn,O, powder, and MnCo,0, powder having an
average particle size of 0.6 wm were used for the first layer.

[0110] Next, the second layer was produced of each sample shown in Table 1 as follows.

[0111] The second layer was produced by mixing LSCF powder, LSM powder, ZnO powder, and Mn,O5 powder
appropriately so that LSCF, LSM, and ZnO which were contained in the second layer had amounts shown in Table 1.
For example, in a case where the second layer of Sample No. 13 containing 3 mass% of LSM in terms of mol% was
produced, a dipping solution for the second layer for Sample No. 13 was prepared by blending 1 mass% of Mn,0O4
powder with respect to LSCF in terms of mass%, an acrylic binder, and toluene as a diluent.

[0112] In addition, Sample Nos. 9 to 12 and 14 were produced by mixing LSCF powder with LSM powder so that the
amount of LSM had the amount shown in Table 1. For example, a dipping solution for the second layer for Sample No.
9 was prepared by mixing powder in which LSCF powder and Lag gSry ,MnO5(LSM) powder were mixed to each occupy
50 mass%, an acrylic binder, and toluene as a diluent.

[0113] Similarly, for Sample No. 20 which is a comparative example, a dipping solution for the second layer was
prepared by mixing LSCF powder, an acrylic binder, and toluene as a diluent. In addition, a dipping solution for the
second layer for Sample No. 21 which is a comparative example was prepared by mixing powder in which LSCF powder,
and LSM powder, and ZnO powder were mixed to respectively have 40 mass%, 50 mass%, and 10 mass% in terms of
mass ratio, an acrylic binder, and toluene as a diluent.

[0114] In a case where Sample Nos. 1 to 8 and 15 to 19 were produced, dipping solutions for the second layer were
prepared by mixing LSM powder, an aqueous binder, and ion-exchange water as a diluent.

[0115] In addition, ZnO powder, Mn,O5 powder, LSM powder, and LSCF powder having an average particle size of
0.6 wm were used for the second layer.

[0116] Thereafter, an alloy formed of an Fe-Cr heat-resistant alloy plate (containing 75 mass% of Fe, and the balance
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composed of Cr, Mn, and Ni) having a thickness of 0.4 mm, a vertical size of 20 mm, and a horizontal size of 20 mm
was dipped into the dipping solution for the first layer for each sample to be applied onto the entire surface of the alloy.
Thereatfter, the resultant was dried for 1 hour at 130°C, was subjected to a debindering process for 2 hours at 500°C,
and was baked in a furnace for 2 hours at 950 to 1050°C.

[0117] Thereafter, the resultant was in the dipping solution for the second layer for each sample, and was baked at
the same temperature to provide the second layer on the surface of the first layer.

[0118] In addition, into a slurry that could be obtained by adding LSCF powder having an average particle size of 0.5
wm, an acrylic binder, and a glycolic solvent, the alloy provided with the second layer was dipped, a conductive adhesive
material (LSCF layer) having a thickness of 15 um was provided on the surface of the second layer, and the resultant
was backed at the same temperature, thereby producing test pieces.

[0119] In addition, the conductivities of the test pieces were measured by a four-terminal method at temperature of
550 to 900°C in the air.

[0120] After each test piece generated power for 100 hours, the cross-section of the conductive adhesive material
was checked by EPMA (wavelength-dispersive X-ray micro analyzer). EPMA analysis was performed using JXA-8100
made by JEOL Ltd., and measurement conditions included a pressurized voltage of 15 kV, a probe current of 2.0x10-7
A, and an analysis area of 50 pm x 50 um. In addition, dispersive crystal was LiF. The content of Cr was measured at
a point from an interface between the second layer and the conductive adhesive material on the conductive adhesive
material side by 10 wm, and the result is shown in Table 1.

[0121] In addition, since the conductive adhesive material (LSCF layer) easily reacts with Cr and generates a reaction
product, in a case where Cr is diffused to the conductive adhesive material, the reaction product of Cr is formed by the
conductive adhesive material. Therefore, in the cross-section of the conductive adhesive material, diffusion of Cr can
be confirmed by the amount of Cr (mass%).

Table 1
First layer Second layer Amount of
Sample Zno ZnMnz04 | MnCo,0, LSCF LSM Zno Conductivity Cor::irulcr:]tive

No. (S/cm) adhesive

(mol%) (mol%) (mol%) (mass%) | (mass%) | (mass%) material

(mass%)
1 100 - - - 100 - 0.07 0
2 50 50 - - 100 - 0.10 0
3 75 - 25 - 100 - 1.74 0
4 25 50 25 - 100 - 2.14 0
5 - 100 - - 100 - 0.10 0
6 - 95 5 - 100 - 0.72 0
7 - 85 15 - 100 - 1.64 0
8 - 75 25 - 100 - 2.01 1
9 - 75 25 50 50 - 3.49 3
10 - 75 25 70 30 - 3.78 3
11 - 75 25 90 10 - 4.23 4
12 - 75 25 95 5 - 4.89 5
13 - 75 25 97 3 - 5.02 8
14 - 70 30 99 1 - 5.86 10
15 10 75 15 - 100 - 1.32 4
16 15 75 10 - 100 - 1.05 6
17 - 50 50 - 100 - 4.21 4
18 - 30 70 - 100 - 5.56 5
19 - - 100 - 100 - 10.30 7
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(continued)

First layer Second layer Amount of
Crin
ZnO ZnMn,0O MnCo,0 LSCF LSM ZnO
Sample : Vin2s 0254 : Conductivity | Conductive
No. (S/cm) adhesive
(mol%) (mol%) (mol%) (mass%) | (mass%) | (mass%) material
(mass%)
*20 - 75 25 100 - - 5.57 27
*21 - 75 25 40 50 10 0.02 29

Asterisk (*) represents out of the range of the invention

[0122] As the result of Table 1, in Sample Nos. 1 to 19 that did not contain ZnO in the second layers but contained
LSM, 10 mass% or less of Cr was diffused in the conductive adhesive material, whereas in Sample No. 20 of which the
second layer was formed only of LSCF, 27 mass% of Cr was diffused. In addition, in Sample No. 21 of which the second
layer contained ZnO, 29 mass% of Cr was diffused.

[0123] In addition, in Sample No. 21, cracks were generated on the surface of the test piece, and in order to observe
the cracks, the Cr-diffusion suppression layer was cut to show the cross-section of each layer thereof, and the cross-
sections were observed by a scanning electron microscope (SEM). AS a result, small cracks were generated in the
second layer.

[0124] In addition, Sample Nos. 3, 4, and 6 to 19 in which the first layers contained MnCo,0, and the second layers
did not contain ZnO but contained LSM exhibited high conductivities while suppressing diffusion of Cr. Particularly,
Sample No. 3, 4, 8 to 14, and 17 to 19 in which the first layers contained 25 mol% or higher of MnCo,0, exhibited high
conductivities of 1.74 S/cm or higher.

[0125] In addition, Fig. 7 shows observation results of the cross-sections of the test pieces of Sample Nos. 1 and 20
by EPMA. In addition, in Fig. 7, Fig. 7(A) is an EPMA photograph of the cross-section of the test piece of Sample No.
20, and Fig. 7(B) is an EPMA photograph of the cross-section of the test piece of Sample No. 1. From the photographs,
it can be seen that the heat-resistant alloy (the alloy member for the fuel cell) according to the invention in which the
first layer contains the Zn-containing oxide and the second layer does not contain ZnO but contains the (La, Sr)
MnOs-based perovskite oxide effectively suppresses diffusion of Cr contained in the alloy.

Reference Signs List
[0126]

1, 42: Fuel cell

20: Current collecting member
201: Current collecting base material
202: First layer

203: Second layer

204: Cr-diffusion suppression layer
205: Close-contact layer

30: Fuel cell stack device

31,44: Fuel cell stack
34, 43:  Manifold

40: Fuel cell module
50: Fuel cell device
Claims

1. A heat-resistant alloy, comprising:
a Cr-containing alloy; and

a Cr-diffusion suppression layer located on at least a part of a surface of the Cr-containing alloy, the Cr-diffusion
suppression layer being made by laminating a first layer that contains a Zn-containing oxide and a second layer
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that does not contain ZnO but contains an (La, Sr)MnO5-based perovskite oxide in that order.

The heat-resistant alloy according to claim 1, wherein the second layer is composed of the (La, Sr)MnO5-based
perovskite oxide.

The heat-resistant alloy according to claim 1 or 2, wherein the first layer contains ZnMn,0, and MnCo0,0,.
An alloy member for a fuel cell formed of the heat-resistant alloy according to any one of claims 1 to 3.

A current collecting member configured to electrically connect a plurality of fuel cells to one another, formed of the
alloy member for a fuel cell according to claim 4,
wherein the Cr-diffusion suppression layer covers the surface of the Cr-containing alloy.

A manifold configured to supply a reactant gas to a fuel cell, made of the alloy member for a fuel cell according to
claim 4,

wherein the Cr-diffusion suppression layer is located on the surface of the Cr-containing alloy that forms an outer
surface of the manifold.

A fuel cell stack device, comprising:

a plurality of fuel cells;

the current collecting member according to claim 5 configured to electrically connect the plurality of fuel cells
in series; and

the manifold according to claim 6 configured to fix lower ends of the fuel cells and supply a reactant gas to the
fuel cells.

A fuel cell module, comprising:

a housing; and
the fuel cell stack device according to claim 7 housed in the housing.

A fuel cell device, comprising:
an exterior case;
the fuel cell module according to claim 8; and

an auxiliary device configured to operate the fuel cell module,
the fuel cell module and the auxiliary device being housed inside the exterior case.
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